Introduction
Positional stability of the electron beam is critically important to experimental beam line users. The beam position vibration increases the effective beam size and thus reduces the brightness. So the positional stability measurement provides important information for beam lines.
Data about amplitude and frequency of beam vibration and long term beam movement at different beam ports can be useful in locating the noise source for accelerator physicists.
For the noise which can not be eliminated,a beam position monitor can provide the signal for the feedback system to stabilize the beam position. These consideration become more evident as higher brightness and better energy resolution are sought. In this paper we report a preliminary result of the beam position stability measurement at the NSLS.
Beam Position Monitor
Beam position is monitored by using the synchrotron radiation emitted in the bending magnet as shown in fig.l . The synchrotron light is reflected to a side window of beam line U15. After a reflection from a second mirror and passage through a 69 cm focusing lens, the image of the e-beam cross section is formed on a position sensing detector. The position sensing detector we used is United Detector Technology Model PIN-SC/1OD planar diffused construction PIN Diode. The output of the SC/1OD is fed to a sum and difference amplifier model B301-AC. The difference signal of amplitude around a range of 40 mV is fed to an amplifier of gain 10 and sent to a divider as the numerator. The sum signal of order of 1-7 volt in our case is fed to the divider as the denominator. The output of the divider (10*numerator/denominator) is the analog signal of the beam position.
The first mirror was installed into the vacuum chamber during the early stage of the storage ring construction. It was not designed for beam position or beam profile measurements. It is a 45 degree horizontally tilted stainless steel mirror and the two horizontal reflection cuts off the horizontally polarized component of the radiation. The polarization of the light from the second mirror is found to depend on the angle with the median plane, and there is a dark band in the median plane.
This loss of the the main part of the radiation would degrade the resolution of a beam profile measurement. However, fortunately, it does not influence the beam position measurement as much. We tested the optics by bumping the beam with the trim coil U2VS7. The output signal vs. trim setpoint is quite linear. The output vs. image position is calibrated by moving the SC/1OD detector with a micrometer, as shown in Fig. 2 Figure 4 is the frequency spectrum of beam vibration. Fig.5 is the frequency spectrum of a quadrupole magnet vibration. The coherence function is shown in Fig. 6 . This indicates that not only the harmonics of 60Hz, but also 12Hz,24Hz,3OHz and 156 Hz are coherent between beam vibration and the magnets vibration. Other frequencies are uncorrelated.
The coherence between beam position and magnet vibration does not neccesarily mean the beam position vibration is caused by the magnet vibration, they may both be caused by another common source. To study this, we induced impact on a quadrupole (U2Q2) with a large solenoid contractor and measured the resulting beam position vibration. The ratio between beam movement and magnet vibration amplitude at U2Q2 is calculated to be 2.6. The result is shown in Figs. 7, 8, 9 . Fig.9 shows a correlation between U15 beam motion and U2Q2 vibration at 42, 75, 102, 128, 158 and 232Hz. Compare Fig. 8 with Fig. 5 , we can observe the difference of beam movement with and without impact on U2Q2, although the change is much smaller than the vibration amplitude without impact.
This data can be used to estimate the ratio between beam movement and magnet vibration amplitude, and hence give some information about whether beam vibration is caused by the magnet vibration. For example, at 102Hz, vibration measurement at U2Q2 gives 10.5mv output (Fig. 7) In time, correlation with ambient and controlled electrical variation will be measured. These measurements and more efforts on monitors at other beam ports to locate noise source are under way.
